Abstract: Although the aetiology of swimbladder inflation anomalies in important aquaculture species such as European sea bass D. labrax is not fully determined, culture conditions are commonly suggested as main contributory factors. Little information is available on whether swimbladder inflation has a genetic basis for its expression too. In this work, 24 full-sibling sea bass families from a 4 dams x 6 sires factorial crossing were reared under communal conditions. The larvae developing normal and abnormal (uninflated or hyperinflated) swimbladders were genotyped at four microsatellite loci, Labrax-3, Labrax-13, Labrax-17, Labrax-29, and allocated to the individual breeders. Out of 273 offspring, 97% could be assigned to a single parental pair. The genotype and pedigree analysis showed an imbalance in family size due to differential survival of larvae with normally-inflated swimbladders, with the offspring generated from one dam and one sire being two-to three-fold superior to the other parents, respectively. In larvae with non-inflated swimbladder, significant differences in family size were observed only among half-sibling sire families, whereas in larvae with hyper-inflated swimbladder such differences were found both among half-sibling sire and dam families. The results suggest that paternally and maternally inherited factors may contribute to the expression of swimbladder anomalies in sea bass along with major environmental clues. European sea bass D. labrax is not fully determined, culture conditions are commonly suggested as 13 main contributory factors. Little information is available on whether swimbladder inflation has a 14 genetic basis for its expression too. In this work, 24 full-sibling sea bass families from a 4 dams x 6 15 sires factorial crossing were reared under communal conditions. The larvae developing normal and 16 abnormal (uninflated or hyper-inflated) swimbladders were genotyped at four microsatellite loci, 17
swimbladder, significant differences in family size were observed only among half-sibling sire families, whereas in larvae with hyper-inflated swimbladder such differences were found both among half-sibling sire and dam families. The results suggest that paternally and maternally inherited factors may contribute to the expression of swimbladder anomalies in sea bass along with major environmental clues.
Fish originated from a commercial sea bass broodstock held under natural conditions of 78 photoperiod and temperature and spawned following a previously published protocol (Peruzzi and 79 Chatain, 2000) . A total of n=10 mature females received a single injection of Luteinizing Hormone 80
Releasing Hormone (LHRHa) at 10 µg kg -1 body weight. Mature oocytes were obtained from 8 out 81 of 10 females approximately 72 hours following hormonal injection. Eggs of individual dams were 82 equally divided into 6 aliquots of 50 ml and each aliquot was fertilized with 0.5 ml of sperm drawn 83 from a single male (n=6) according to a full-factorial mating design producing 48 full-sibling 84 families (8 dams x 6 sires). Individual families were maintained in 12l cylindro-conical incubators 85 placed in a thermo-regulated seawater system at 13°C (Saillant et al., 2001 ). Floating (alive) and 86 sinking (dead) eggs were separated at embryonation (48 hours post-fertilization) by increasing the 87 salinity to 40‰ and their total volume and estimated number measured following the method 88 described by Chatain (1994) . Only 24 families (4 dams x 6 sires) generated enough living eggs for 89 the requirements of the experiment. Equal aliquots of embryonated eggs (5ml or approx. 5000 eggs) 90 were sampled from these families, pooled, transferred into a 500l tank maintained at 13-14°C until 91 20 days post-hatching (dph) and then at 20°C following standard rearing procedures for sea bass 92 (Peruzzi et al., 2004 
Sampling 96
Measurement of larvae (L T , mm) and verification of swimbladder condition were performed 97 using a profile projector (Nikon V12), while photographs were taken using a Zeiss microscope 98 fitted with a video camera module (Visilog 5.2 ©Noesis Vision, Canada). Larvae with hyperinflated 99 swimbladder were collected (n=100) from the surface of the tank between 15 and 25 dph. Larvae 100 with normal and without functional swimbladder were sorted following the method described by 101 5 Chatain and Corrao (1992) at the end of the larval period (45 dph). They were counted by a 102 photographical method (Chatain et al., 1996) , sampled (n=100/group) and finally preserved in 95% 103 ethyl alcohol for further genotyping. One of the microsatellite loci, Labrax-13, was difficult to amplify in the multiplex system and 150 was excluded from the study. The remaining four loci allowed the unambiguous assignment of 264 151 out of the 273 genotyped offspring (97 %) to a single parental pair. The representation of the7 offspring in the different families and swimbladder conditions is given in Table 1 ., and the observed 153 and expected frequencies for each class are reported in Fig. 2 . In both the normal and hyperinflated 154 group 23 of the 24 possible families were represented, whereas in the group without swimbladder 155 only 22 families were found. 156
In larvae with normal swimbladder, the observed frequencies significantly differed from an 157 expected random distribution, indicating differential survival both among half-sibling sire (χ 2 = 158 23.054; P < 0.001; df = 5) and dam (χ 2 = 9; P = 0.0292; df = 3) families. In particular, survival of 159 offspring generated from sire 5 and dam 2 was three-fold superior (χ 2 = 6.37; P = 0.0116; df = 1) 160 and two-fold superior (χ 2 = 4.35; P = 0.0370; df = 1) to the other parents in the corresponding class, 161 respectively. After correction for the survival frequencies observed in normal fish, larvae with non-162 inflated swimbladder showed significant differences in family size only among half-sibling sire 163 families (χ 2 = 38.557; P < 0.0001; df = 5). Here, the number of larvae generated from sire 1, 2 and 6 164 were two-fold superior to those of the remaining sires (χ 2 = 188; P < 0.001; df = 1). In larvae with 165 hyper-inflated swimbladder, imbalance in family size was found both among half-sibling sire (χ 2 = 166 37.082; P < 0.0001; df = 5) and dam (χ 2 = 24.21; P < 0.0001; df = 3) families. Again, larvae from 167 sire 1, 2 and 6 accounted for more than twice those generated by the remaining male parents (χ 2 = 168 32; P < 0.001; df = 1), whereas dam 1 and 4 produced 1.6-fold more larvae than the other two 169 females (χ 2 = 23.85; P < 0.001; df = 1). 170 171 172
Discussion 173
In cultured fish considerable variation exists in the ability of larvae to achieve correct 174 swimbladder inflation, and some species require adapted culture techniques. In the European sea 175 bass, initial swimbladder inflation is size-mediated and usually occurs around the time of transition 176 from yolk sac depletion to exogenous feeding, i.e. when the larvae measure on average 5.5 to 6.5 177 mm L T (Chatain, 1986) . In this work, communally reared sibling families developing a normal8 swimbladder showed unequal survival at the end of the larval period, with the offspring generated 179 from the best performing dam and sire each accounting for nearly 37% of the total. Imbalance in 180 family size due to differential survival has been observed in this species by Garcia de Leon et al. 181
(1998) using similar rearing conditions. These authors analyzed the performance of 9 sibling 182 families in order to detect possible parental effects on various larval traits, including survival at 183 40dph, and reported up to two-fold variations in survival rates as a result of individual dam and sire 184 effects. Parental influences on early survival of mass reared sea bass larvae were also observed by 185 Overall, the results also suggest a possible correlation between the two anomalies regarding the 221 sire effect, the same two male parents generating the bulk of larvae affected by non-inflation and 222 hypertrophic conditions. Moreover, a better capacity to survive does not seem to correspond with an 223 increased ability of achieving correct swimbladder inflation, as the best performing sire and dam do 224 not appear to be those contributing less to both anomalies. 225
In this work, the relatively low number of larvae and families analyzed did not allow us to 226 estimate full and half-sibling heritabilities of the observed swimbladder inflation conditions. 227
Elsewhere, a study designed to estimate the heritability of the non-inflated swimbladder defect in 228 striped bass, M. saxatilis, has shown a moderate genetic value (h 
